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Abstract 
Background: Holding excessive amount of sludge has turned into a 
major problem for the wastewater treatment plants. Nucleic acids, 
enzymes, proteins, and polysaccharides are some organic materials 
which could be found in the sludge. The main objective of this study 
was to investigate the efficiency of Fenton process in protein recovery 
from dairy sludge. 
Methods: Our case forthestudy was the waste activated sludge 
produced at the wastewater treatment plant of Fajr dairy industry in 
Shahrood, Iran. Fenton process was applied to a 1.5 L sludge sample. 
At first, the pH of the sludge was adjustedto 3 using H2SO4. The second 
stepwas the addition of Fe(II) at certain concentrations.Then, different 
H2O2 concentrations were added to the sample. The mixed sample was 
stirred at 120 rpm for 6 h and was neutralized with Ca(OH)2. The 
sludge was dewatered in the pilot-scale filter pressandfiltered. The 
solubleprotein content in the supernatant of the disintegrated sludge 
derivedfrom the Fenton process was recovered by dialysis and dried at 
−40°C for 24 h. 
Results: The results showed that after the Fenton process, SSi, TCODi, 
SCODi, and SCODa levels were 11275,13800,115, and 3450 
mg/Lrespectively. Also, after the Fentonprocess,theconcentration of the 
soluble proteins increased from 52.48 to 1732 mg/L,whereas after 
subsequent protein recovery, its concentration in the supernatant was 
1180 mg/L. 
Conclusions: Based on the findings, theproteinrecoveredfrom the 
excess sludgethroughout theFenton process can be used as animal 
feed. 
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Introduction 
Dairy industry is one of the prime industrial sectors in Iran 
with an annual growth rate of more than 20%. The industry 
produces a large amount of wastewater with high BOD level. 
Treating of dairy wastewater with activated sludge process 
generates a large amount of sludge which needs to be 
managed.1 
The management of excess sludge is difficult for the 
wastewater treatment plant operators because sludge disposal 
accounts for up to 60% of the total operating costs of the 
treatment plant.2 
Various methods like ultrasonic treatment,3 ozone 
oxidation,4 alkaline treatments,5thermal treatments,6 Fenton 
process,7and biological hydrolysis with enzymes8 were 
investigated for sludge disintegration by several researchers in 
lab and on a pilot-scale. Often, these methods are costly and 
produce harmful by-products also, they have little effect on 
reducing the amount of sludge. The excess sludge treatment 
cost has reached a high level due to land shortage and 
environmental conservation. Thus, developing new 
technologies is vital for the disposal and reuse of the excess 
sludge.1 
The advantage of directly extracting useful biomaterials 
from the excess sludge and utilization of physicochemical or 
biological process in order to turn it into a material with new 
interesting characteristics has been widely developed. Nucleic 
acids, enzymes, proteins, and polysaccharides are some organic 
materials which could be found in the sludge.9 
Proteins account for about 50% of the dry weight of 
bacterial cells. 
It is a vital constituent of animal diet. Thus, researchers are 
looking for alternative sources of protein. The existing cellular 
proteins in the mixed microbial cultures of activated sludge 
from sewage treatment plants have been considered as the only 
suitable substitution, full of proteins, for our previous resources 
which can compensate their protein shortages.10 
For protein recovery, solubilization of intracellular 
materials in excess sludge must be achieved first. Many 
biological, physical, or chemical treatments, such as alkali 
treatment11 and ultra-sonication,12 have been reportedly used to 
disrupt the sludge structure. 
It is easy to notice that after the disintegration, despite an 
increase in the concentrations of soluble proteins and soluble 
chemical oxygen demand (SCOD), a decrease in the size of the 
floc and the amount of suspended solids (SS) would occur.13-15 
The methods to recover proteins from sludge have been 
studied for many years. Previous investigations have proved 
that directly using the obtained protein as a food resource for 
animals would lead to negative results, and an increase of 
diseases among animals would be inevitable.16 
So, efforts have been made to recycle the proteins from 
sludge. One of these methods is the Fenton process, which is 
one of the commonly used advanced oxidation processes. 
Fenton�s reagent is a mixture of ferrous iron and H2O2. The 
ferrous iron initiates and catalyzes the decomposition of H2O2 
resulting in the generation of highly reactive hydroxyl (OHo) 
radicals.17 
The OH° radical is the main reactant in the process capable 
of decomposing a number of organic substances via oxidation. 
The rate and extent of the Fenton reactions are dependent on 
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the system parameters including iron and H2O2concentrations 
and the solution pH. The objective of this study was to 
investigate the efficiency of Fenton process in protein recovery 
from dairy sludge. 
Materials and Methods  
The waste activated sludge was obtained from a wastewater 
treatment plant at Fajrdairy Industry, Iran. The samples were 
collected and stored at 4℃. Table 1 shows the characteristics of 
the raw sludge. 
Table 1. Properties of raw sludge 
Parameters Raw Sludge 
pH 7.2±0.18 
Suspended Solids (SS, mg/L) 11275±580 
Volatile Suspended Solids (VSS, mg/L) 21450±1920 
Soluble Chemical Oxygen Demand (SCOD, mg/L) 285±23 
Total Suspended Solids (TSS, mg/L) 27500±1830 
Total COD (TCOD, mg/L) 7300±456 
Soluble protein (mg/L) 132±11 
Soluble Carbohydrate (mg/L) 7.5±0.03 
The Fenton process was applied to a 1.5 L sludge sample. 
At first, the pH of the sludge was adjusted to 3 using H2SO4. 
The second step was the addition of Fe(II) at certain 
concentrations. Then, different H2O2 concentrations were 
added to the sample. The mixed sample was stirred at120 rpm 
for 6 h and neutralized with Ca(OH)2. In the Fenton 
experiments, analytical grade FeSO4⋅7H2O was used as the 
source of Fe(II) and purchased from Merck. H2O2solution 
(37% [w/w]) in a stable form, H2SO4 (98%˚ 99%), and NaOH 
were all provided by Merck. 
In order to evaluate the disintegration efficiency of the 
Fenton method, the TCOD, SCOD, and soluble protein levels 
were measured after the sludge disintegrated. The following 
standard methods were used to measure the SS and VSS.18 
For increasing the accuracy of the measurement, we 
repeated every experiment three times. 
The supernatant obtained through the centrifuging process 
of the disintegrated sludge at 7000rpm for about 30min at a 
temperature of 4°C was used to determine the SCOD and 
soluble protein levels. The concentrations of the COD and 
proteins, respectively, were measured by the HACH 5000 
method using a HACH DC/2500 spectrophotometer and by the 
Lowry method,19 using bovine serum albumin as a reference 
protein. The increase in SCOD was calculated by the below 
formula: 
COD solubilization rate(%) =
SCODa − SCODi
TCODi−SCODi
× 100 
Where SCODi and SCODa are the soluble COD before and 
after the treatment, respectively, and TCODi is the initial 
TCOD. 
The sludge was dewatered in the pilot-scale filter press and 
then filtered. The soluble protein in the supernatant of the 
disintegrated sludge was recovered by dialysis and dried at 40 
℃ for 24 h. The freeze-dried process was sealed to prevent the 
reabsorption of moisture and protect against spoilage for many 
years. 
The recovered powder is composed of the moisture, crude 
protein, crude fat, crude fiber, and ash which were measured by 
following the Iranian National Standardization Organization 
method of feed analysis.20 After decomposing the powder 
according to the aqua Regia method, and then filtering it using 
a filter paper, the concentrations of heavy metals could be 
determined (GF Whatman).An atomic absorption spectrometer 
was used to determine the concentrations of heavy metals in the 
filtrate (Varian, USA). Additionally, aflatoxin B1and 
Salmonella D groups were measured by following the 
guidelines of the Institute of Standards and Industrial Research 
of Iran method of feed analysis.20 
Results 
After the Fenton treatment of the excess sludge at pH 3 for 
6 h, the SSi, TCODi, SCODi, and SCODa readings were 
11275, 13800,115, and3450 mg/L, respectively, which yielded 
a COD solubilization rate of 32%. After the Fenton treatment, 
the soluble protein concentration increased from 52.48to 1732 
mg/L, whereas after the subsequent protein recovery, its 
concentration in the supernatant at pH 3.3 was 1108 mg/L. 
However, it was estimated that 40.5% of the released soluble 
proteins from the disintegrated sludge was produced at pH 3.0. 
Table 2. Concentrations of heavy metals 
Element Unit 
(mg/kg) 
Original excess 
sludge 
Recovered 
powder 
Legal standardc 
As 0.08 NDa 2 
Ca 1850 1027 _b 
Cd 0.01 ND 1 
Cu 256 223.4 _ 
Fe 2235 2780 _ 
Hg 0.02 ND 0.4 
Pb 21.35 7.1 10 
Zn 456.4 168.2 - 
a Not detected. 
b Not prescribed in the regulation. 
c The lowest value in the legal standard of various feeds 
The components of the recovered powder which was used 
as animal feed were analyzed to determine their nutritional 
values. The main portion of the recovered powder consisted of 
crude protein (51.73%). The other materials recovered included 
nitrogen-free extract (NFE) (20.9%), crude ash (13.8%), crude 
fat (10.5%), moisture (3%), and crude fiber (0.07%). 
The measured concentrations of heavy metals in the 
primary excess sludge and the recovered powder are listed in 
table 2. The primary sludge contains a variety of hazardous 
heavy metals. It has been mentioned that heavy metals in 
wastewater are concentrated into sewage sludge through the 
primary and secondary treatment processes.21For example, the 
heavy metal scan be absorbed by biomass and get precipitated 
by some anions, such as sulfide, and accumulate in the excess 
sludge.22During the recovery processes of proteins, significant 
amounts of the heavy metals in the raw sludge were removed. 
Furthermore, aflatoxinB1 and Salmonella D, indicators of the 
presence of pathogenic bacteria, were not observed (data not 
shown). As a result, heavy metals, harmful toxins, and 
microorganisms which are contained in the primary excess 
sludge can be removed in significant amounts through the 
processes of cell disintegration and protein dialyzation. 
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Discussion 
The extent of the Fenton reactions is dependent on the 
system parameters including iron, solution pH, and H2O2 
concentration. 
Figure 1 shows that the concentration of VSS decreased 
with the increase of H2O2. Kitis et al. showed that the OH 
radical is the main reactant in the process capable of 
decomposing organic substances via oxidation.17 
Figure 1. Impact of peroxide on the disintegration of excess sludge 
Figure 2 shows that the concentration of soluble proteins 
increased simultaneously with the increase of H2O2 particularly 
in the concentration range of 1500˚ 2500 mg/L. 
Figure 2. Impact of peroxide on the concentration of protein 
Another study on sludge revealed that with the 
disintegration of the sludge, an increase in the concentrations of 
SCOD and soluble proteins as well as a decrease of the sludge 
volume and the amount of SS were observed, which is 
consistent with the results of the present study.13 
It was observed that at pH3, the protein concentration and COD 
solubilization increased. 
Takumuraet al. applied a similar advanced oxidation 
method for the disintegration of sludge, and a high amount of 
SCOD was achieved at the pH 3, which is consistent with the 
results of the present study. 
When studying the effects of H2O2 on the ultrasonically 
assisted sludge disintegration, the results showed that no 
increase in SCOD was achieved by using ultrasound along with 
oxidizing agents alone. 
The protein concentration increased with the increase of 
H2O2which is in disagreement with the results of the studies 
published earlier.23 
Figure 3 shows that the combination of H2O2and Fe2+ led 
to a rapid increase in the protein concentration and COD 
solubilization. The highest protein generation was achieved at a 
Fe2+/H2O2 ratio of 1.The soluble protein released from the 
disintegrated sludge was precipitated at pH 3.3, which is in 
contrast to the findings of the studies published earlier.24 
Figure 3. Impact of Fe2+ with peroxide on the concentration of protein 
As shown in Figures 3 and4, with the increase inFe2+/H2O2 
ratio, VSS decreased as the protein concentration increased. 
Figure 4. Impact of Fe2+ with peroxide on the disintegration of excess sludge 
Due to the use of H2O2, there is an intensification of 
aerobic digestion, which further reduces VSS. 
The main reason for the volatile suspended solids (VSS) 
reduction during the Fenton process was the rupture of the cell 
wall and release of extracellular and intracellular matter.25 
Cellular proteins were obtained from the excess sludge of a 
dairy wastewater treatment plant. In comparison, the nutrient 
compositions of the recovered protein and those of dried 
Brewer�s yeast and bone meal were alike. The heavy metal 
concentrations were lower than the standard quantity allowed. 
The indicators of the presence of pathogenic bacteria, 
aflatoxin B1 and Salmonella D, were not detected. Finally, it 
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was shown that using the recovered protein from excess sludge 
as animal feed was feasible. 
Acknowledgement 
We are sincerely grateful to the staff at Aras International 
Campus, University of Tehran for their collaboration. 
Conflict of Interest 
The authors declared that they have no conflict of interest. 
References 
1. Jung J, Xing XH, Matsumoto K. Kinetic analysis of disruption of 
excessactivated sludge by Dyno Mill and characteristics of protein release for 
recoveryof useful materials. BiochemEng J2001;8:1-7.doi:10.1016/S1369-
703X(00)00123-6 
2. Neyens E, Baeyens J. A review of thermal sludge pre-treatment processes 
toimprovedewaterability.J Hazard Mater 2003;98:51-67. 
3. Pham TT, Brar SK, Tyagi RD, Surampalli RY. Ultrasonicationofwastewater 
sludge- consequences on biodegradability and flowability. J Hazard Mater 
2009;163:891-8.doi:10.1016/j.jhazmat.2008.07.091 
4. Ahn KH, Park KY, Maeng SK, Hwang JH, Lee JW, Song KG, et al.Ozonation 
of wastewater sludge for reduction and recycling. Water 
SciTechnol2002;46:71-7. 
5. Lin JG, Chang CN, Chang SC. Enhancement of anaerobic digestion of 
wasteactivated sludge by alkaline solubilization. Bioresource Technology 
1997;62:85-90.doi:10.1016/S0960-8524(97)00121-1 
6. Barjenbruch M, Kopplow O. Enzymatic, mechanical and thermal pre-
treatmentof surplus sludge. Advances in Environmental Research 2003;7:715-
20.doi:10.1016/S1093-0191(02)00032-1 
7. Kaynak GE, Filibeli A. Assessment of Fenton process as a minimization 
technique for biological sludge: effects on anaerobic sludge bioprocessing. J 
appl Sci Res 2008;5:151-60. 
8. Ayol A, Filibeli A, Sir D, Kuzyaka E. Aerobic and anaerobic bioprocessing 
ofactivated sludge: floc disintegration by enzymes. J Environ Sci Health 
ATox/Hazard Subst Environ Eng2008;43:1528-
35.doi:10.1080/10934520802293685 
9. Jung J, Xing XH, Matsumoto K. Recoverability of protease released 
fromdisrupted excess sludge and its potential application to enhanced 
hydrolysis ofproteins in wastewater. BiochemEng J 2002;10:67-
72.Doi:10.1016/S1369-703X(01)00163-2 
10. Shier WT, Purwono SK. Extraction of single-cell protein from 
activatedsewage sludge: thermal solubilization of protein. 
BioresourTechnol1994;49:157-62.doi:10.1016/0960-8524(94)90079-5 
11. Navia R, Soto M, Vidal G, Bornhardt C, Diez MC. Alkaline pretreatment 
ofkraft mill sludge to improve its anaerobic digestion. Bull Environ 
ContamToxicol2002;69:869-76. doi:10.1007/s00128-002-0140-4 
12. Onyeche TI, Schlafer O, Bormann H, Schroder C, Sievers M. Ultrasoniccell 
disruption of stabilized sludge with subsequent anaerobic digestion.Ultrasonics 
2002;40:31-5.doi:10.1016/S0041-624X(02)00087-2 
13. Wang F, Lu S, Ji M. Components of released liquid from ultrasonic 
wasteactivated sludge disintegration. UltrasonSonochem2006;13:334-
8.doi:10.1016/j.ultsonch.2005.04.008 
14. Weemaes M, Grootaerd H, Simoens F, Verstraete W. Anaerobic digestionof 
ozonized biosolids. Water Res 2000;34:2330-6.doi:10.1016/S0043-
1354(99)00373-5 
15. Zhang P, Zhang G, Wang W. Ultrasonic treatment of biological sludge: 
flocdisintegration, cell lysis and inactivation. BioresourTechnol2007;98:207-
10.doi:10.1016/j.biortech.2005.12.002 
16. Beszedits S, Lugowski A. Utilizing Waste Activated Sludge for animal 
feeding. Toronto: B&L Information Service; 1982. 121 p. 
17. Kitis M, Adams CD,Daigger GT. The effects of Fenton�s reagentpre-
treatment on the biodegradability of non-ionic 
surfactants.WaterRes1999;33:2561-8.doi:10.1016/S0043-1354(98)00476-X 
18. APHA. Standard Methods for the Examination of Water and 
Wastewater.21sted. American Public Health Association; Washington, DC. 
2005. 
19. Lowry OH, Rosebrough NJ, Farr AL, Randall RJ. Protein measurementwith 
the Folin phenol reagent. J BiolChem1951;193:265-75. 
20. Institute of Standards and Industrial Research of Iran, Method of Feed 
Analysis.Guidelines2005.iso/Tc34/Sc10. 
21. Oliver BG, Cosgrove EG. The efficiency of heavy metal removal by a 
conventional activated sludge treatment plant. Water Res 1974;8:869-
74.doi:10.1016/0043-1354(74)90099-2 
22. Ito A, Umita T, Aizawa J, Takachi T, Morinaga K. Removal of heavy metals 
from an aerobically digested sewage sludge by a new chemical method using 
ferric sulfate. Water Res 2000;34:751-8.doi:10.1016/S0043-1354(99)00215-8 
23. Hwang J, Zhang L, Seo S, Lee YW, Jahng D.Protein recovery from excess 
sludge for its use as animal feed.Bioresour Technol 2008;99:8949-54. 
doi:10.1016/j.biortech.2008.05.001 
24. Grönroos A, Kyllönen H, Korpijärvi K, Pirkonen P, Paavola T, JokelaJ,et al. 
Ultrasound assisted method to increase soluble chemical oxygen demand 
(SCOD) of sewage sludge for digestion.UltrasonSonochem 2005;12:115-
20.doi:10.1016/j.ultsonch.2004.05.012 
25. MoussaviG, Asilian H, JamalA. Effect of ozonation on reduction of volume 
and mass of waste activated sludge. J Appl Sci Res 2008;4:122-27.
